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(57) ABSTRACT

An 1mager having superior separation properties 1s provided
in which a visible 1image and an infrared image can be
independently and simultaneously obtained. The above
imager has a wavelength separation portion of separating an
clectromagnetic wave carrying an image 1into wavelengths,
and 1mage-taking portions detecting the visible image and
the infrared 1mage described above. In the imager described
above, at least one of the image-taking portions has a
detecting part which 1s optimized to detect a wavelength
component which 1s to be detected.
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IMAGER

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2005-050212 filed

in the Japanese Patent Oflice on Feb. 25, 2005, the entire
contents of which are imcorporated herein by reference.

BACKGROUND OF THE INVENTION

0002] 1. Field of the Invention

0003] The present invention relates to an imager. The
imager includes a chip type, a package type, or a module
type 1maging device and a camera. In more particular, the
present invention relates to a signal acquisition technique
suitably applied, for example, to a solid-state imaging device
using a semiconductor device capable of detecting and
reading a physical value distribution 1n the form of electrical
signals. In the above semiconductor device, unit constituent
clements which have sensitivity to an electromagnetic wave,
such as light or radioactive rays, input from the outside are
arranged, and the physical value distribution 1s converted
into the electrical signals by the unit constituent elements.

[0004] In particular, the present invention relates to the
structure 1n which 1images of respective wavelength compo-
nents are mdependently obtained, that is, for example, an
image ol a visible light component and an image of a
wavelength component (such as infrared light) other than
visible light are independently obtained.

[0005] 2. Description of the Related Art

[0006] A semiconductor device for detecting a physical
value distribution has been used 1n various fields, the semi-
conductor device having a plurality of unit constituent
clements (such as pixels) arranged in lines or 1n a matrix,
cach of which has sensitivity to the change 1n physical value
including electromagnetic waves, such as light or radioac-
tive rays, mput from the outside.

[0007] For example, in the filed of imaging apparatuses, a
charge coupled device (CCD) type, a metal oxide semicon-
ductor (MOS) type, and a complementary metal-oxide semi-
conductor (CMOS) type solid-state 1maging device have
been used for detecting the change in light (one type of
clectromagnetic wave) which 1s one example of a physical
value. The devices read a physical value distribution in the
form of electrical signals which are obtained through con-
version of the above distribution by unit constituent ele-
ments (pixels 1n a solid-state 1imaging device).

[0008] For example, in a solid-state imaging device, pho-
todiodes used as a photoelectric transducer (light-receiving,
clement; photosensor) provided in an image-taking portion
(pixel portion) of a device detect an electromagnetic wave,
such as light or radioactive rays, mnput from the outside so
as to generate and store signal charges, and the signal
charges (photoelectrons) thus stored are read as image
information.

[0009] In addition, in recent vears, the structure for taking
an 1mage of visible light and an 1mage of infrared light has

been proposed (for example, see Japanese Unexamined
Patent Application Publication Nos. 2004-103964,

10-210486,  2002-369049,  06-121325, 09-166493,

Mar. 8, 2007

09-130678, and 2002-142228). For example, when a light-
emitting point of inirared light is prepared beforehand and 1s
then traced, the position of the light-emitting point of
inirared light present 1n a visible 1mage can be detected. In
addition, even 1n the state 1n which visible light 1s not present
such as in the night, when 1mage-taking 1s performed while
infrared light 1s 1rradiated, a clear 1mage can be obtained.

Furthermore, the sensitivity can be improved when infrared
light 1s used 1n addition to visible light.

[0010] The structure described in Japanese Unexamined
Patent Application Publication No. 2004-103964 1s a single-
plate system 1n which a visible image and an infrared image
are separately obtained by exploiting the difference in posi-
tion of light absorption 1n the depth direction of a semicon-
ductor between wavelengths.

[0011] In addition, the structure described in Japanese
Unexamined Patent Application Publication Nos.
10-210486, 2002-369049, and 06-121325 1s a multiple plate
system 1n which visible light and infrared light are sepa-
rately received by respective imaging devices using a wave-
length separation optical system such as a wavelength
separation mirror or prism as an incident optical system.

[0012] For example, in Japanese Unexamined Patent
Application Publication No. 10-210486, infrared light emait-
ted from an infrared irradiation device 1s irradiated to an
object, and at the same time, 1n an 1mage-taking portion, an
infrared component of light from the object 1s retlected on a
cold mirror and 1s made incident on one sensor. In addition,
a visible light component passing through the cold mirror 1s
turther separated into a red color component, a green color
component, and a blue color component by three dichroic
mirrors, and the above components are then made ncident
on respective sensors. The visible light side has the structure
similar to that of a related three-plate system, that 1s,
wavelength separation 1s performed in a wavelength region
including R, G, and B colors to obtain respective sensitivi-
ties, so that an 1image 1s formed. As a result, three sensors are
necessary and the cost 1s increased thereby; however, since
the pixel size can be increased, the sensitivity can be
improved.

[0013] In addition, in Japanese Unexamined Patent Appli-
cation Publication No. 2002-369049, an ir1s diaphragm 1s
provided for an 1image-taking lens system, an optical filter
which only transmits light having a wavelength of approxi-
mately 770 to 950 nm (infrared wavelength region) 1s used
as a blade of the iris diaphragm, and wvisible light and
inirared light are further separated from each other by a
dichroic mirror. In addition, an infrared-cut filter 1s provided
at the transmaitted visible light side, and a visible light-cut
filter 1s provided at the reflected infrared light side. That 1is,
after the wavelength separation 1s performed twice on a light
path, the visible light and the infrared light are then made
incident on respective sensors so as to separately obtain a
visible 1image and an infrared image. The reason the dia-
phragm portion 1s formed to have a function of absorbing (or
reflecting) infrared light 1s that the structure 1s formed to be
used 1n three-dimensional measurement application.

[0014] In addition, the structure described in Japanese
Unexamined Patent Application Publication No. 09-166493
1s a single-plate system 1n which a rotary type wavelength
separation optical system 1s used as an incident optical
system and i1n which visible light and infrared light are
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received by the same 1maging device. For example, in this
structure, 1sertion and extraction of an infrared-cut filter 1s
performed using a rotation mechanism, so that when the
inirared-cut filter 1s inserted, a visible color image 1s output
which 1s not ifluenced by near-inifrared light and infrared
light, and when the infrared-cut filter 1s extracted, an 1mage
1s output which 1s obtained by adding the light intensity of
visible light and that of near-infrared light.

[0015] In addition, the structure described in Japanese
Unexamined Patent Application Publication No. 09-130678
1s that visible light and infrared light are received by the
same 1maging device using a diaphragm optical system
having a wavelength separation function as an incident
optical system.

[0016] According to the structure described in Japanese
Unexamined Patent Application Publication No. 2002-
142228, four types of color filters each having its own filter
characteristic are regularly provided for respective pixels of
an 1maging device having visible light and near-infrared
light sensitivities, and matrix calculation of outputs of the
pixels provided with the four types of color filters 1s per-
formed, so that a visible color image and a near-infrared
image can be independently obtained.

SUMMARY OF THE INVENTION

[0017] FIGS. 23A and 23B are views each illustrating the
structure of the sensor described i Japanese Unexamined
Patent Application Publication No. 2004-103964, FIG. 23A
1s a graph showing optical absorption spectral characteristics
of a semiconductor layer, and FIG. 23B 1s a schematic
cross-sectional view of the structure of a semiconductor.

[0018] In this structure, the optical absorption coeflicient
of a silicon (S1) semiconductor 1s decreased 1n the order from
blue, green, red, to infrared light. That 1s, as for blue color,
green color, red color, and 1nfrared light included 1n incident
light .1, by using the difference in position of light absorp-
tion 1n the depth direction of a semiconductor between
wavelengths, layers for detecting visible light (blue, green,
and red) and infrared light are provided 1n the S1 semicon-

ductor 1n the depth direction from the surface thereof as
shown 1n FIG. 23B.

[0019] According to the structure described in Japanese
Unexamined Patent Application Publication No. 2004-
103964 1n which the difference 1n position of light absorp-
tion 1 the depth direction of a semiconductor between
wavelengths 1s exploited, the amount of light which can be
detected 1s not decreased from a theoretical point of view;
however, when passing through the layer in which blue color
light 1s detected, red color light and green color light are
absorbed to a certain extent and are then detected as blue
color light. As a result, even 1n the case in which a blue
signal 1s not present, when a green signal and a red signal
enter the semiconductor, a signal also enters the layer 1n
which blue color light 1s detected, and hence a pseudo signal
1s generated, so that suflicient color reproducibility may not
be obtained.

10020] In addition, as shown in FIG. 23A, most semicon-
ductors have absorption sensitivity to iirared light. Hence,
for example, 1n a solid-state 1maging device (1mage sensor)
using a S1 semiconductor, 1n general, an infrared-cut filter
made of a glass, one example of a subtractive filter, 1s

Mar. 8, 2007

necessarilly provided before the sensor mentioned above.
Accordingly, when 1image-taking 1s performed by receiving
only 1nfrared light or both visible light and infrared light as
a signal, 1t 1s necessary that the infrared-cut filter be removed
or that a ratio of cutting infrared light be reduced.

10021] However, in the case described above, since visible
light 1s 1ncident on a photoelectric transducer together with
infrared light, the hue of an image of the visible light
becomes different from that of the original object. Hence, an
image only made of the visible light and an 1image only made
of the infrared light (or a mixture of the infrared light and the
visible light) are not easily simultaneously separated from
cach other, and as a result, 1t 1s diflicult to obtain respective
appropriate 1mages.

[0022] Besides the above problem, when an infrared-cut
filter 1s used as 1s the case of a common solid-state 1maging
device, the sensitivity 1s degraded since visible light 1s also
cut to a certain extent. In addition, by using an infrared-cut
filter, the cost 1s 1nevitably increased.

[10023] In addition, according to the structures described in
Japanese Unexamined Patent Application Publication Nos.
10-210486, 2002-369049, and 06-121323, a relatively large
and complicated incident optical system 1s used for the
wavelength separation optical system such as a wavelength
separation mirror or prism; however, in the structures
described 1n Japanese Unexamined Patent Application Pub-
lication Nos. 10-210486 and 06-121325, the separation
properties have a limitation. Hence, infrared light which 1s
separated unfavorably contains a small amount of a visible
light component, and visible light which 1s separated also
unfavorably contains a small amount of an infrared light
component, so that both residual components generate
pseudo signals. As a result, suflicient color reproducibility of
the visible 1mage may not be obtained, and the infrared
image contains an unnecessary component of the visible
image.

[10024] According to the structure described in Japanese
Unexamined Patent Application Publication No. 2002-
369049, visible light and infrared light are separated by the
dichroic mirror, the infrared-cut filter 1s provided for the
visible light passing through the dichroic mirror, and the
visible light-cut filter 1s provided for the reflected infrared
light, so that the wavelength separation 1s performed twice
on the light path (incident optical system). Hence, the
wavelength separation properties are improved as compared
to that of the structure described in Japanese Unexamined
Patent Application Publication Nos. 10-210486 and
06-121325; however, since the optical system becomes
considerably large and complicated, and the cost 1s disad-
vantageously increased.

[0025] In addition, according to the structure described in
Japanese Unexamined Patent Application Publication No.
09-166493, because of the insertion/extraction mechanism
for an infrared-cut filter, the device becomes large and
complicated, and the operation of the infrared-cut filter may
not be automatically performed.

[0026] According to the structure described in Japanese
Unexamined Patent Application Publication No. 09-130678,
because of the diaphragm optical system having a wave-
length separation mechanism, the device becomes 1nevitably
large and complicated. In addition, although the infrared
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image (inirared light image) and the visible 1image (visible
light 1mage) can be simultaneously obtained, the image
sensor can only output an electrical signal which 1s obtained
by synthesizing the visible image and the infrared image and
may not output only the visible image nor only the infrared
mage.

[0027] On the other hand, according to the structure
described 1n Japanese Unexamined Patent Application Pub-
lication No. 2002-142228, since the four types of color
filters are disposed for wavelength separation, an incident
optical system does not disadvantageously become large and
complicated unlike the structures described i1n Japanese
Unexamined Patent Application Publication Nos.
10-210486, 2002-369049, 06-121325, 09-166493, and
09-130678; however, the calculation processing 1s a prob-
lem. That 1s, according to the structure described 1n Japanese
Unexamined Patent Application Publication No. 2002-
142228, since the visible color image and the infrared image
are independently obtained by performing matrix calcula-
tion of outputs of the pixels provided with the respective
four types of color filters each having 1ts own filter charac-
teristic, the visible color image and the infrared image can
be independently and simultaneously output; however, the
separation properties have a limitation. Hence, as the struc-
tures described in Japanese Unexamined Patent Application
Publication Nos. 10-210486, 2002-369049, and 06-121325,
the visible image obtained by the separation may not have
suilicient color reproducibility, and the inirared 1mage unia-
vorably contains an unnecessary component of the visible
1mage.

[0028] The present invention was made 1in consideration of
the problems described above, and it 1s desirable to provide
a new structure 1n which at least one of the above problems
1s solved. In particular, without considerably increasing the
s1ze ol a wavelength separation optical system, 1t 1s desirable
to have the structure 1n which the color reproducibility of a
visible 1mage can be further improved and to have the
structure 1n which a visible image component present 1n an
inirared 1image can be further suppressed.

[0029] As one example, there is provided an imager which
has a new structure 1n which a visible color image having
superior color reproducibility and a near-infrared 1mage
which substantially contains no visible light component can
be independently obtained. In addition, as another example,
the structure 1s provided in which when 1mage-taking of a
visible 1mage and image-taking of an infrared image are
simultaneously performed, a problem is solved in that the
hue of the visible image becomes different from that of the
original object, which 1s caused when an inirared-cut filter
1s removed. Accordingly, 1n the structure described above,
an 1mage (1nvisible image) of 1invisible light, such as infrared
light or ultraviolet light, and a visible 1image having superior
color reproducibility, that 1s, an accurate hue, can be simul-
taneously obtained. Furthermore, as still another example,
the structure 1s also provided in which the increase 1n cost,
which 1s caused by the use of an infrared-cut filter made of
a glass having a large thickness as the case of a common
1maging sensor, 1s suppressed.

[0030] An imager of an embodiment according to the
present invention has a separation portion which separates
an electromagnetic wave carrying an image nto wavelength
components; and image-taking portions detecting images of
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the wavelength components thus separated by the separation
portion. In the mmager described above, at least one of the
image-taking portions has a detecting part optimized to
detect a wavelength component which 1s to be detected.

[0031] In this imager, “to have a detecting part optimized
to detect a wavelength component which 1s to be detected”
means, 1n short, that wavelength separation 1s also per-
formed in the 1mage-taking portion.

[0032] That is, in the imager of an embodiment according
to the present invention, the wavelength separation 1s first
performed 1n an incident system which 1s provided before
the 1image-taking portions, and the wavelength separation 1s
then also performed in at least one of the image-taking
portions, so that the wavelength separation i1s performed a
plurality of times.

[0033] Some embodiments described below of the present
invention particularly specily more advantageous examples
of the imager described above.

[0034] For example, as the separation portion which per-
forms the wavelength separation i the incident system
provided before the image-taking portions, a separation
portion having superior separation properties 1s used. As one
example, a spectral filter 1s preferably used which 1s made of
a predetermined substrate having an optical transparency to
an clectromagnetic wave and a laminate member provided
thereon. In the laminate member mentioned above, layers
having predetermined thicknesses are laminated to each
other, and adjacent layers have diflerent refractive indexes.
In addition, the laminate member 1s formed to reflect one
wavelength of the electromagnetic wave and transmit
another wavelength thereof.

[0035] In addition, a laminate member 1s provided on an
incident surface side of the detecting part on which an
clectromagnetic wave 1s incident. The laminate member
described above has the structure in which layers having
predetermined thicknesses are laminated to each other and
adjacent layers have different refractive indexes so as to
reflect a predetermined wavelength region component of the
clectromagnetic wave and so as to transmit the rest thereof.

[0036] Alternatively, wavelength separation may be per-
formed using a monolayer film having a predetermined
thickness. Even 1n the case in which a monolayer film 1s
used, when the thickness thereof 1s changed, properties can
be obtained which retlect a predetermined wavelength
region component of an electromagnetic wave and transmit
the rest thereof. Hence, a wavelength separation member
using this monolayer film may be provided at the incident
surface side of the detecting part on which an electromag-
netic wave 1s mcident.

[0037] Incidentally, “the rest” does not mean all wave-
length components other than a reflection wavelength region
component which 1s to be reflected but may be at least a
component that does not practically contain the reflection
wavelength region component. In addition, “that does not
practically contain the reflection wavelength region compo-
nent” means that influence of the reflection wavelength
region component 1s not substantially present or may be
slightly present in some cases. The reason for this 1s that
when a signal capable of ignoring the influence of the
reflection wavelength region component 1s obtained at a
transmission wavelength region side, any problems may not
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occur. In addition, as 1s the case described above, when a
signal capable of ignoring the influence of the transmission
wavelength region component 1s obtained at the reflection
wavelength region side, any problems may not occur.

[0038] In addition, for the structure in which wavelength
separation 1s performed 1n each image-taking portion, for
example, a spectral detecting part may be used having the
structure 1n which a spectral filter using the above laminate
member or monolayer film 1s integrally formed on the front
surface of a light-receiving part.

[0039] Alternatively, the structure may be used in which
wavelength separation 1s performed using the difference in
position of light absorption between wavelengths 1n the
depth direction of a semiconductor forming a detecting part,
and in which while influence of a wavelength component
other than a wavelength component which 1s to be detected
by the detecting part 1s suppressed, the wavelength compo-
nent which 1s to be detected by the above detecting part can
be detected.

[0040] In the case described above, since the wavelength
component other than that to be detected can also be
detected, by using this detection result, the wavelength
component to be detected by this detecting part and a
wavelength component which 1s to be detected by another
detecting part may be corrected.

[0041] According to an embodiment of the present inven-
tion, the structure 1s formed 1n which wavelength separation
1s surely performed in the incident system provided before
the 1mage-taking portions and i1s also performed in at least
one of the image-taking portions.

[0042] Since the wavelength separation is performed in
both the incident system and the image-taking system, the
wavelength separation properties can be improved. For
example, a visible image which 1s not influenced by infrared
light and which has an accurate hue and an infrared image
which 1s not influenced by visible light can be simulta-
neously obtained.

[0043] In addition, compared to the case in which wave-
length separation 1s performed a plurality of times only 1n
the imncident system, the cost can be decreased, and the size
of the device can also be decreased.

10044] Furthermore, an imaging device of an embodiment
according to the present invention includes a spectroscopic
portion which separates incident light into transmitted light
and retlected light depending on frequency of the incident
light, and an 1maging area receiving the transmitted light. In
the above imaging device, the spectroscopic portion
includes a multilayer structure having refraction index dis-
tribution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 is a schematic view showing the structure of
an 1mager ol a first embodiment according to the present
invention;

[0046] FIG. 2 1s a schematic view 1llustrating a spectral
filter which separates an electromagnetic wave 1nto prede-
termined wavelengths using a dielectric laminate film;

10047] FIG. 3 is a schematic view illustrating a basic
structure of a spectral filter using a dielectric laminate film;
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[0048] FIG. 4 1s a schematic view illustrating a basic
concept of a method for designing a laminate film;

10049] FIG. 5 is a graph showing reflection spectra illus-
trating a basic concept of a method for designing a laminate

film;

[0050] FIG. 6 is a graph showing reflection spectra illus-

trating a basic concept of a method for designing a laminate
film;

[0051] FIGS. 7A and 7B are views each illustrating the

condition of a reflection central wavelength A (views each
showing the concept of a retlection spectrum);

[0052] FIG. 8 is a graph showing reflection spectra illus-
trating the condition of a reflection central wavelength A;

[0053] FIG. 9 is a graph showing reflection spectra illus-
trating the condition of a reflection central wavelength A;

[0054] FIG. 10 shows a schematic structure of a spectral
image sensor for single-wavelength separation using a lami-
nate film according to the first embodiment;

[0055] FIG. 11 includes graphs showing reflection spectra
of a spectral image sensor for single-wavelength separation
using a laminate film according to the first embodiment;

[0056] FIG. 12 includes graphs showing detailed reflec-

tion spectra of a spectral image sensor for single-wavelength
separation using a laminate film according to the first
embodiment;

[0057] FIG. 13 1s a schematic view illustrating the struc-
ture of a spectral image sensor for single-wavelength sepa-
ration using a laminate film according to the first embodi-
ment,

[0058] FIG. 14 is a graph showing a reflection spectrum
illustrating a spectral 1mage sensor for single-wavelength
separation using a laminate film according to the first
embodiment;

[0059] FIG. 15 is a schematic view illustrating the struc-
ture of a spectral image sensor for single-wavelength sepa-
ration using a laminate {ilm according to a second embodi-
ment,

[0060] FIG. 16 is a schematic view illustrating the struc-
ture of a spectral 1mage sensor for single-wavelength sepa-
ration using a laminate film according to the second embodi-
ment,

[0061] FIG. 17 is a schematic view illustrating the struc-
ture of a spectral 1mage sensor for single-wavelength sepa-
ration using a laminate film according to a third embodi-
ment;

[10062] FIG. 18 is a schematic view illustrating the struc-
ture of a spectral 1mage sensor for single-wavelength sepa-
ration using a laminate {ilm according to a fourth embodi-
ment;

[0063] FIG. 19 is a schematic view illustrating the struc-
ture of a spectral 1mage sensor for single-wavelength sepa-
ration using a laminate film according to a fifth embodiment;

[0064] FIGS. 20A and 20B are schematic views showing
the structure of an 1mager of the second embodiment accord-
ing to the present invention;



US 2007/0051876 Al

[0065] FIGS. 21A, 21B and 21C are schematic views
showing the structure of an 1mager of the third embodiment
according to the present invention;

[0066] FIGS. 22A and 22B are schematic views showing

one example of a signal acquisition method of the second
and the third embodiments according to the present inven-
tion; and

[0067] FIGS. 23A and 23B are views schematically illus-

trating the structure of a sensor described in Japanese
Unexamined Patent Application Publication No. 2004-
103964,

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0068] Hereinafier, with reference to accompanying draw-
ings, the embodiments of the present imvention will be
described 1n detail.

First Embodiment

[0069] FIG. 1 1s a schematic view showing the structure of
an 1mager of the first embodiment according to the present
invention. An imager 100 of this first embodiment 1s an
imager capable ol independently obtaiming a visible color
image and a near-infrared image.

[0070] In particular, the imager 100 of the first embodi-
ment has a taking lens 102 which guides light L carrying an
image of an object Z to an image-taking portion side to form
an 1mage, and an optical member (hereinafter referred to as
“wavelength separation optical system™) 104 for wavelength
separation which separates incident light L1 passing through
the taking lens 102 into visible light VL and infrared light IR
which 1s one example of mnvisible light.

[0071] In the above structure, the wavelength separation
optical system 104 1s one example of a wavelength separa-
tion portion which separates light passing through the taking,
lens 102 into a plurality of wavelengths, the light being one
example of an electromagnetic wave carrying an image.
That 1s, the imager 100 has the structure in which wave-
length separation 1s performed 1n an incident system.

[0072] In addition, the imager 100 of the first embodiment
also has an infrared image-taking portion 110 having an
image sensor 112, a visible image-taking portion 120 having
an 1mage sensor 122, and an imaging signal processing
portion 130, the image sensor 112 receiving the inirared
light IR obtained by separation using the wavelength sepa-
ration optical system 104 and forming an infrared image, the
image sensor 122 receiving the visible light VL obtained by
separation using the wavelength separation optical system
104 and forming a visible 1mage, the imaging signal pro-
cessing portion 130 processing imaging signals SIR and SV
output from the infrared image-taking portion 110 and the
visible 1mage-taking portion 120, respectively.

[0073] In the structure described above, the imager 100
incorporates an optical image which represents the object Z
and which contains the infrared light IR by using the taking
lens 102 and separates the optical 1image into an infrared
image (infrared light image) and a visible image (visible
light 1mage). In addition, after the infrared image and the
visible 1mage are converted to respective picture signals by
the 1maging signal processing portion 130, predetermined
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signal processing (such as color signal separation into R, G,
and B components) 1s performed, so that a color image
signal and an infrared 1mage signal are output, or a mixed
image signal formed of the atorementioned two signals 1s
output.

[0074] For example, the taking lens 102 is a lens which is
formed of an optical material such as quartz or sapphire
transmitting light having a wavelength of approximately 380
to 2,200 nm and which incorporates an optical image
containing the infrared light IR, so that the optical image 1s
made incident on the wavelength separation optical system
104 while light of the optical 1image 1s being collected.

[0075] In the imager 100 of the first embodiment, the
wavelength separation optical system 104 1s provided on the
optical axis of the taking lens 102 so that the incident light
1s separated 1nto the visible light VL and the infrared light IR
as invisible light, and while the infrared light IR 1s made
incident on the infrared image-taking portion 110 after being
totally retlected, the visible light 1s made incident on the
visible 1mage-taking portion 120 after passing through the
wavelength separation optical system 104. The structure
described above 1s a first feature of the imager 100 according
to the first embodiment.

[0076] In particular, a mirror 105 is mounted, for example,
at an angle of 45° relative to the optical axis, the mirror 105
totally reflecting the infrared light IR at a long wavelength
side and transmitting all wavelength region components of
the visible light VL having a wavelength shorter than that of

the infrared light IR.

[0077] As for the mirror 105, in order to obtain superior
wavelength separation properties, a mirror composed of an
optical transparent substrate 105aq and an optical filter 1055
provided on a surface thereof 1s used. The optical filter 10556
1s a multilayered thin film (optical interference film) formed
by depositing dielectric materials, and the substrate 10354 1s
formed of an optical material such as quartz, sapphire, or a
high molecular weight material.

[0078] Although the details will be described later, in this
embodiment, the optical image emitted from the taking lens
102 thus obtained 1s incorporated and 1s then separated using
the optical interference and reflection by the optical filter
10556 1nto two wavelength regions as shown in the figure,
that 1s, into the visible light VL having a wavelength of
approximately 380 to 700 nm and the infrared light IR
having a wavelength of approximately 700 to 2,200 nm, so
that an infrared image thus obtained 1s made incident on the
inirared image-taking portion 110 and so that a visible image
1s also made i1ncident on the visible 1mage-taking portion
120. Since the infrared light IR 1s totally reflected by the
mirror 105, the diaphragm for absorbing the infrared light
IR, which 1s necessary in the technique described in Japa-
nese Unexamined Patent Application Publication No. 2002-
369049, becomes unnecessary.

[0079] In addition, a second feature of the imager 100
according to the first embodiment 1s that a detecting part
(1mage sensor) optimized to detect a wavelength component
which 1s to be detected 1s provided for at least one of the
image-taking portions 110 and 120. In particular, 1n the first
embodiment, in the visible image-taking portion 120 which
detects the visible light VL and a shorter wavelength side of
the infrared light IR, the image sensor 122 optimized to
detect the visible light VL 1s provided.
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[0080] In this embodiment, the “optimized image sensor”
indicates an 1mage sensor having a wavelength separation
structure 1n which the amount of a wavelength component
other than a wavelength component which 1s to be detected
1s decreased as small as possible 1n an 1imaging signal of the
wavelength component which 1s to be detected.

[0081] Since the image sensor has the wavelength sepa-
ration structure as described above, the wavelength separa-
tion 1s performed twice, that 1s, the wavelength separation 1s
performed on the light path by the wavelength separation
optical system 104 and by the image sensor; hence, the size
of the optical system can be decreased, and the wavelength
separation properties can also be advantageously improved.

[0082] Although the details will be described later, a
spectral image sensor (spectral detecting part) 11 1s provided
at the incident surface side of the 1mage sensor 122 on which
an electromagnetic wave 1s incident, the spectral image
sensor 11 having the structure which performs wavelength
separation using a dielectric laminate film. The dielectric
laminate film 1s made of a laminate member 1n which layers
having predetermined thicknesses are laminated to each
other and 1n which adjacent layers have different refractive
indexes from each other, the laminate member having prop-
erties which reflect a wavelength component (infrared light
IR component in this embodiment) of the incident light
(clectromagnetic wave) other than that to be detected and
which transmit the rest (visible light VL. component in this
embodiment) of the incident light. As the basic structure of
the sensor, a CCD type, a CMOS type, and any other type
structure may be used.

[0083] In other words, the features of the laminate member
described above may be said that the wavelength component
which 1s to be detected (visible light VL in this embodiment)
of the incident light (electromagnetic wave) 1s transmitted
and that the rest thereol (infrared light IR in this embodi-
ment) 1s reflected.

[0084] In the first embodiment, in order to response the
case 1n which the infrared light IR component leaks to the
visible light VL detection side, the image sensor 122 1s used
in the visible image-taking portion 120, the sensor 122
having a spectral 1mage sensor structure using a dielectric
laminate film which 1s optimized to detect the visible light
VL. Accordingly, without substantially receiving the intlu-
ence ol the infrared light IR, the visible image can be
obtained independently of the infrared image.

[0085] For example, by using the wavelength separation
optical system 104, when the infrared light IR 1s reflected to
the infrared image-taking portion 110 side and when the
visible light VL 1s transmitted to the visible image-taking
portion 120 side, a component at the visible light side
depends on the separation capability of the wavelength
separation optical system 104, and although the visible light
VL 1s a primary component, several percent of the mirared
light IR 1s still inevitably contained therein.

[0086] Hence, when the image sensor 122 1s used having
a spectral 1image sensor structure using a dielectric laminate
film, the leak of the infrared light IR can be optically
excluded, and only photoelectrons of the incident visible
light VL. component are converted into electrical signals.

|0087] Incidentally, according to the structure described in
Japanese Patent Application No. 2004-358139, proposed by
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the mventors of the present invention, wavelength separa-
tion 1s not performed on a light path, spectral filters using a
dielectric multilayer film are integrally formed on visible
light detecting pixels (particularly, each of R, G, and B
pixels) on one i1mage sensor, and spectral filters using a
dielectric multilayer film are not formed on infrared light
detecting pixels, so that the visible image and the infrared
image can be independently and simultaneously obtained.

|0088] In the case described above, since a considerable
leak caused by oblique incident light 1s present, one com-
ponent 1s influenced by the leak of the other component and
vice versa; hence, the color reproducibility of the visible
image obtained by wavelength separation may be decreased
by an amount corresponding to the amount of leak, and the
leak of the visible 1mage may unfavorably appear in the
infrared 1mage 1n some cases.

[0089] On the other hand, in this first embodiment, since
the structure 1s formed 1n which the visible light VL and the
infrared light IR are detected by the independent image
sensors 122 and 112, respectively, 1t 1s not necessary to
consider the influence of the leak caused by oblique incident

light.

[0090] The structure of this first embodiment 1s different
from the structure described in Japanese Unexamined Patent
Application Publication Nos. 10-210486 and 06-121323 1n
which the wavelength components separated by the wave-
length separation optical system are made incident on the
respective sensors having the structures equivalent to each
other so that the visible 1image and the inirared image are
independently obtained. According to the first embodiment,
the structure 1s formed in which even 1n the image-taking
system, the wavelength separation 1s performed, followed by

the detection, the entire wavelength separation properties
can be improved.

[0091] In addition, the structure of the first embodiment is
different from that described in Japanese Unexamined Patent
Application Publication No. 10-210486 1n which the visible
light component passing through the cold mirror 1s further
separated into a red color, a green color, and a blue color
component by the three dichroic mirrors and in which the
components thus obtained are made incident on the respec-
t1ive sensors so as to obtain respective R, G, and B images of
the visible light VL. According to the method described
above, the three sensors are necessary for the visible light
VL, and although the sensitivity 1s improved, the cost 1s
disadvantageously increased. However, 1n the structure of
the first embodiment, the problem described above may not
occur at all.

[0092] In addition, the structure of the first embodiment is
also different from that described in Japanese Unexamined
Patent Application Publication No. 2002-369049 in which
wavelength separation 1s performed twice on the light path,
and 1n which components thus separated are made incident
on the respective sensors having structures similar to each
other so as to independently obtain the visible image and the
inirared image. According to the method described 1n Japa-
nese Unexamined Patent Application Publication No. 2002-
369049, since the wavelength separation 1s performed twice
on the light path, the optical system becomes disadvanta-
geously large and complicated. In addition, problems of
sensitivity, blurring and the like may occur. However,
according to the structure of the first embodiment, the
problems described above will not occur at all.
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[0093] For example, according to the structure of the first
embodiment, 1n 1mage-taking of the visible light VL per-
formed 1n the visible image-taking portion 120, it 1s not
necessary to insert an infrared-cut filter, which i1s one
example of a subtractive filter, before the 1mage sensor 122.
Since an expensive infrared-cut filter 1s not necessary, the
cost can be significantly decreased. In addition, since an
infrared-cut filter having a certain thickness and a certain
weight 1s not used, the optical system can be decreased in
s1ze and 1n weight. Of course, since an 1nsertion and extrac-
tion mechanism for an infrared-cut filter 1s not necessary, the
device 1s not large and complicated. Compared to the case 1n
which an existing infrared-cut filter made of a glass 1s used,
the cost can be advantageously decreased, and in addition,
owing to a smaller size, an 1mager such as a digital camera
having superior portability can be provided.

[0094] In addition, in the structure in which an infrared-
cut filter 1s provided before the 1mage sensor 122, since a
glass substrate 1s provided before an 1maging device such as
a CCD or a CMOS, the interface between the air and the
glass 1s formed on the light path. Hence, even the visible
light VL. which preferably passes 1s also reflected on the
interface, and as a result, the sensitivity 1s disadvantageously
degraded. In addition, when the number of interfaces as
described above 1s increased, the refracting angle (in the
glass) 1n oblique incidence varies between wavelengths, and
as a result, the focus 1s blurred due to the change 1n light
path. On the other hand, when an infrared-cut filter 1s not
provided between the wavelength separation optical system
104 and the image sensor 122, the focus blurring as
described above can be advantageously avoided.

[0095] In order to further improve the wavelength sepa-
ration properties, although the optical system 1s disadvan-
tageously increased in size, when a small amount of the
infrared light IR leaks and 1s incident on the visible 1image-
taking portion 120, an infrared-cut filter which 1s weak as a
whole may be provided between the wavelength separation
optical system 104 (mirror 105) and the visible image-taking
portion 120 (at the light-recerving side of the visible image-
taking portion 120). For example, when an infrared-cut filter
of 50% or less 1s provided, the infrared light IR can be cut
to a level at which the visible light VL 1s not substantially
influenced.

[0096] In addition, when a small amount of the visible
light VL leaks and 1s incident on the infrared image-taking
portion 110, a visible light-cut filter which 1s weak as a
whole may be provided between the wavelength separation
optical system 104 (mirror 105) and the infrared 1mage-
taking portion 110 (at the light-receiving side of the infrared
image-taking portion 110). For example, when a visible
light-cut filter of 50% or less 1s provided, the visible light VL
can be cut to a level at which the infrared light IR 1s not
substantially influenced.

[0097] For example, in application in which image-taking
of an 1image of the infrared light IR which 1s not substantially
influenced by the visible light VL 1s simultaneously per-
formed, such as optical communication application and
application in which the position i1s detected by tracing an
inirared emission point, a color filter may be provided at the
light-receiving side of the image sensor 112, the color filter
transmitting at least the infrared light IR, which 1s the
reflection wavelength region component, and also transmit-
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ting a predetermined wavelength component of the visible
light VL which 1s the transmission wavelength region com-
ponent.

[0098] For example, when the visible light-cut filter 1s not
provided at the light-receiving side of the image sensor 112,
the visible light VL component leaks to the side detecting the
inirared light IR, and the infrared image mixed with a visible
image ol this leak component 1s obtaimned. In order to
exclude the mixed visible image and 1n order to obtain an
inirared 1image which 1s not substantially influenced by the
visible light VL, for example, the intensities of blue, red, and
green colors detected by three color pixels R, G, and B,
which are obtained by the image sensor 122, must be
decreased.

[0099] On the other hand, for example, when a green color
filter which transmits the infrared light IR and green color
light 1s provided as a visible light-cut filter, a component
containing both the infrared light IR and green visible light
LG 1s obtained from the 1mage sensor 112; however, by the
difference from a green color component only made of the
visible light VL which 1s obtained from the image sensor
122, an 1image of the infrared light IR which 1s not substan-
tially intfluenced by the visible light VL (green color light G
in this case) can be obtained. Although the green color filter
1s necessarily provided at the light-receiving side of the
image sensor 112, compared to the case i which the
intensities of blue, red, and green colors detected by the
three pixels R, G, and B are decreased without providing the
green color filter, the process becomes easy.

[0100] In addition, when a black color filter, which trans-
mits the infrared light IR and which absorbs only the visible
light VL, 1s provided as a visible light-cut filter so as to
absorb the visible light VL, a component only made of the
inirared light IR 1s obtained from the image sensor 112, and
without performing the difference processing, an infrared
image made of the infrared light IR which 1s not substan-
tially influenced by the visible light VL can be obtained.

[0101] <Relationship Between Image-Taking and Wave-
length Separation Using Dielectric Laminate Film>

[0102] On image-taking surfaces of the image sensors 112
and 122, charges corresponding to the infrared light IR and
charges corresponding to the visible light VL are generated,
both light carrying an 1mage of the object Z. Operation such
as operation of accumulating charges and operation of
reading charges are controlled by a sensor-driving pulse
signal output from a system control circuit (not shown) to a
driving circuit (not shown).

[0103] Charge signals read from the image sensors 112
and 122, that 1s, an infrared imaging signal SIR carrying an
infrared 1mage and a visible imaging signal SV carrying a
visible 1mage are sent to the imaging signal processing
portion 130, are amplified to a predetermined level thereby,
and are then converted from an analog signal to a digital
signal. In addition, after the digital image signal 1s processed
by gamma correction and then separated into color separa-
tion signals of R, G, and B, these signals are converted to
brightness signals and color signals or converted to picture
signals formed from the aforementioned two types of sig-
nals, followed by output thereof.

10104] In this embodiment, when the mirror 105 using a
dielectric laminate film 1s applied to the wavelength sepa-
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ration optical system 104 for cutting the infrared light IR and
transmitting the visible light VL so as to receive the infrared
light IR and the visible light VL by respective image sensors,
that 1s, when the inifrared light 1s cut or 1s not cut depending,
on the situation, image-taking only using the visible light VL
and 1mage-taking only using the infrared light IR can be
simultaneously performed, or image-taking only using the
visible light VL and image-taking using both the infrared
light IR and the wvisible light VL can be simultaneously
performed.

[0105] Image-taking of a monochrome image or a color
image 1n the daytime can be performed without receiving
any influence of the infrared light IR, and in the night,
image-taking can be performed using the infrared light IR.
Whenever necessary, the visible image and the infrared
image can be simultaneously output. Even in this case, 1n the
daytime, an 1image only made of the infrared light IR can be

obtained without receiving any influence of the visible light
VL.

[0106] For example, a monochrome image made of the
visible light VL can be obtained which 1s not substantially
influenced by the infrared light IR. Unlike the structure
described 1n Japanese Unexamined Patent Application Pub-
lication No. 2002-142228, when the monochrome image
made of the visible light VL 1s obtained which 1s not
substantially influenced by the infrared light IR, the calcu-
lation processing with the infrared light IR component 1s not
necessary.

[0107] Furthermore, as an example of an optical member
which separates the visible light VL into predetermined
wavelength region components, when color filters having
predetermined wavelength transmission properties in the
visible light VL region are provided on the image sensor 122
so as to correspond to pixels (unit pixel matrix), an 1mage
made of a specific wavelength region 1n the visible light VL
region can be obtained which is not substantially influenced

by the infrared light IR.

[0108] In addition, when color filters having different
wavelength transmission properties 1n the visible light VL
region are mtegrally arranged 1n a regular manner on pho-
todiodes forming a unit pixel matrix so as to be aligned with
the photodiodes for respective wavelengths (for respective
colors), the visible light VL can be separated mto wave-
lengths (into colors), and when synthesis processing 1is
performed based on pixel signals obtained from these pixels
having respective colors, a color image (visible color image)
made of the visible light VL. which 1s not substantially
influenced by the infrared light IR can be obtained. Unlike
the structure described in Japanese Unexamined Patent
Application Publication No. 2002-142228, when the color
image of the visible light VL. which 1s not substantially
influenced by the infrared light IR 1s obtained, the calcula-
tion processing with the infrared light IR component 1s not
necessary.

[0109] In addition, when the image sensor 112 for infrared
light IR and the image sensor 122 for the visible light VL are
used, a monochrome i1mage or a color image of the visible
light VL and an “image relating to the infrared light IR” may
always be independently obtained. The “image relating to
the mnirared light IR” means an 1mage of the infrared light IR
which 1s not substantially influenced by the visible light VL,
or an 1mage made of a mixture of the infrared light IR and

the visible light VL.
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[0110] Image-taking (monochrome image-taking or color
image-taking) of an 1mage of the visible light VL which 1s
not substantially influenced by the infrared light IR and
image-taking of an 1mage containing both the infrared light
IR and the visible light VL can also be simultaneously
performed. In addition, by synthesis processing (in particu-
lar, difference processing) of a component (monochrome
image component or color image component) only made of
the visible light VL and a component containing both the
visible light VL and the infrared light IR, 1image-taking of an
image of the infrared light IR which 1s not substantially
influenced by the visible light VL can also be performed.

[0111] Incidentally, in consideration that an image is
finally recognized by human visual sensation, the above
“which 1s not substantially influenced” may also mean
“which may be slightly influenced” as long as a clear
difference may not be generally recognized by human visual
sensation. That 1s, 1t may be acceptable when an infrared
image (one example of physical information) which can
ignore the influence of a transmission wavelength region
(visible light VL) 1s obtained at the infrared light IR side and
when a general image (one example of physical information)
which can 1gnore the mfluence of a reflection wavelength

region component (infrared light IR) 1s obtained at the
visible light VL side.

[0112] In addition, as the color filters, there may be used
primary color filters such as three primary color filters of the
visible light VL (wavelength A 1n the range of 380 to 780
nm). In the visible light VL, there are a blue color compo-
nent (for example, the transmittance 1s approximately 1 at a
wavelength A of 400 to 500 nm and 1s approximately zero at
a wavelength other than that), a green color component (for
example, the transmittance 1s approximately 1 at a wave-
length A of 500 to 600 nm and 1s approximately zero at a
wavelength other than that), and a red color component (for
example, the transmittance 1s approximately 1 at a wave-
length A of 600 to 700 nm and 1s approximately zero at a
wavelength other than that).

[0113] Alternatively, there may be used complementary
color filters contains components having approximately zero
transmittance with respect to the visible three primary color
components, such as yellow (Ye) (for example, the trans-
mittance 1s approximately zero at a wavelength A of 400 to
500 nm and 1s approximately 1 at a wavelength other than
that), magenta (Mg) (for example, the transmittance 1s
approximately zero at a wavelength A of 500 to 600 nm and
1s approximately 1 at a wavelength other than that), and cyan
(Cy) (for example, the transmittance 1s approximately zero
at a wavelength A of 600 to 700 nm and 1s approximately 1
at a wavelength other than that).

|0114] Since having a higher sensitivity than that of the
primary color filters, when the complementary color filters
having colors complementary to the respective primary
colors are used for transmitted light in the visible light
region, the sensitivity of an imager can be improved. On the
other hand, when the primary color filters 1s used, easy
signal processing can be advantageously performed since
primary color signals can be obtained without performing
difference processing.

[0115] In addition, ““a transmittance of approximately 1
indicates an 1deal state and may include the case in which the
transmittance 1n a specific wavelength region 1s significantly
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larger than that in the other wavelength regions. Hence, a
filter may have a transmittance of other than 1 in a part of
the specific wavelength region. In addition, “a transmittance
ol approximately zero” indicates an 1deal state as described
above and may include the case 1n which the transmaittance
in a specific wavelength region 1s significantly smaller than
that 1n the other wavelength regions. Hence, a filter may
have a transmittance of other than zero in a part of the
specific wavelength region.

[0116] In addition, any primary color filter and any
complementary color filter may be used as long as trans-
mitting a wavelength region component of a predetermined
color (primary color or complementary color) 1n the visible
light VL region, which 1s the transmission wavelength
region component, regardless whether the infrared light IR
region, which 1s the reflection wavelength region compo-
nent, 1s transmitted or not, that 1s, regardless of the trans-
mittance for the infrared light IR. The reason for this 1s that
the infrared light IR component i1s cut by the mirror 105
using a dielectric laminate film.

[0117] For example, in the visible light band, general color

[

filters which are currently used have high transmittances for
the respective R, G, and B colors and low transmittances for
the other colors ({or example, 1n the case of R, the other
colors are G and B). However, the transmittance for the band
other than the visible light band 1s not particularly specified,
and 1n general, the transmittance 1s generally higher than that
for the other colors (for example, 1n the case of R, the other
colors are G and B). For example, each filter has sensitivity
to the infrared light region and transmits light 1n the imnfrared
light region. However, 1n this embodiment, even when a
filter having high transmittance properties 1s used, any

problems may not occur.

[0118] <Concept of Wavelength Separation Using Dielec-
tric Laminate Film>

[0119] FIG. 2 is a view illustrating the concept of the
wavelength separation in which an electromagnetic wave 1s
separated into predetermined wavelengths using a dielectric
laminate film. In this embodiment, an example will be
described in which light, which 1s an electromagnetic wave,
1s separated 1nto predetermined wavelengths.

[0120] As shown in FIG. 2, a dielectric laminate film 1 1s
a laminate member composed of layers each having a
predetermined thickness dj (3 1s an 1nteger of 1 or more, and
heremnafter, 1 indicates the same meaning as described
above) and being laminated to each other, and in this
laminate film 1, a refractive index nj of one layer 1s different
from that of a layer adjacent thereto (difference 1n refractive
index being represented by An). Accordingly, as described
later, properties can be obtained which reflect a predeter-
mined wavelength region component of the electromagnetic
wave and transmit the rest thereof.

10121] The way of counting the number of dielectric
layers, a j-th layer being represented by a layer 1_j, forming
the dielectric laminate film 1 1s that thick layers (a O-th layer
1_0 and a k-th layer 1__%) provided at the two sides are not
counted as the number of layers, and for example, the
number of layers 1s counted from a first layer toward the k-th

layer side. Actually, the dielectric laminate film 1 1s formed
without the two thick layers (the O-th layer 1_0 and the k-th
layer 1_ k).
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10122] When light is made incident on the dielectric
laminate film 1 having the structure as described above, the
reflectance (or transmittance) tends to have dependence on
the wavelength k to a certain extent due to the interference
in the dielectric laminate film 1. As the difference An 1n
refractive index 1s increased, the above effect becomes
significant.

[0123] In particular, in the case in which the dielectric
laminate film 1 has a periodical structure or satisfies a certain
condition (for example, a thickness d of each layer is
approximately A/4n), when incident light L1 such as white
light 1s incident, the reflectance of light (specific wavelength
region light) 1n a specific wavelength region 1s effectively
increased so that most thereotf 1s turned into a reflected light
component .2, that 1s, the transmittance can be decreased,
and 1n addition, the reflectance of the other light can be
decreased so that most thereof 1s turned 1nto a transmaitted
light component L3, that 1s, the transmittance can be
increased.

[0124] In this case, the wavelength A is a central wave-
length 1 a certain wavelength region, and n indicates the
refractive mdex of the layer. In this embodiment, by using
the wavelength dependence of the reflectance (or transmit-

tance) of this dielectric laminate film 1, a spectral filter 10
1s realized.

[0125] <Basic Structure of Spectral Filter Using Dielectric
Laminate Film>

[0126] FIG. 3 is a conceptual view of the basic structure
of the spectral filter 10 suitably applied to the mirror 105
using a dielectric laminate film. FIG. 3 shows the case n
which light 1s separated into infrared light IR and visible
light VL. When the dielectric laminate film 1 1s formed so
as to have a high reflectance for the inirared light IR having
a wavelength A (primarily at a long wavelength side of 780
nm or more) 1 an inirared region which 1s a longer
wavelength side than that of the visible light VL, the infrared
light IR can be cut.

10127] As members (layer materials) of the dielectric
layers, a j-th layer being represented by a layer 1_ j, forming
the dielectric laminate film 1, since the dielectric laminate
film 1 1s formed of a plurality of layers, at least two types of
members are used, and in addition, when the dielectric
laminate film 1 1s formed of at least three layers, all the
layers may be formed of members different from each other,
or two types (or more than that) of members may be
laminated alternately or in an optional order. In addition, the
dielectric laminate film 1 may be basically formed of a first
and a second layer material, and a part of the dielectric
laminate film 1 may be replaced with a third layer material
(or with two new types of layer maternials or more). Here-
inafter, the structure will be described 1n detail.

[0128] <<Method for Designing Dielectric Laminate
Film; Example of Infrared Light Cut>>

[0129] <Method for Designing Thickness dj>

[0130] FIGS. 4 to 6 are views illustrating a basic concept
of a method for designing the dielectric laminate film 1. In
this embodiment, a design example will be described in
which the dielectric laminate film 1 1s formed of basic first
and second layer materials so as to selectively reflect the

infrared light IR.
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[0131] As shown in a structural view of FIG. 4, the
dielectric laminate film 1 used in this embodiment 1s sand-
wiched at the two sides thereof by thick layers made of
silicon oxide (hereinafter referred to as “S10,”), the layer
provided at the light incident side being called a O-th layer
and a layer opposite thereot being called a k-th layer, and a
plurality of dielectric layers, a j-th layer being represented
by a layer 1_Jj, made of the first and the second layer
materials are laminated to each other so as to form the
diclectric laminate film 1. In the example shown in the
figure, as the first and the second layer materials forming the
dielectric layers, a j-th layer being represented by a layer
1_j common materials are used. That 1s, silicon mitride
S1. N, (hereinafter referred to as “SiN”) 1s used as the first
layer material, silicon oxide S10, 1s used as the second layer
material, and these two types of materials are laminated
alternately. In addition, it 1s assumed that the structure of the
dielectric laminate film 1 1s provided with silicon oxide
layers each having a suihliciently large thickness (d0=dk=co
holds) at the top and the bottom sides.

[0132] When the dielectric laminate film 1 thus formed
satisiies the following conditional equation (1), the reflec-

tance can be eflectively increased.

di=N0/4nj (1)

[0133] In the above equation, dj (j indicates a layer num-
ber, and hereafter, 1 indicates the same meaning as described
above) 1s the thickness of a dielectric layer 1_ j forming the
dielectric laminate film 1; nj indicates the refractive index of
the dielectric layer 1_j; and A0 1s a central wavelength
(heremaftter referred to as “reflection central wavelength) of
the retlection wavelength region.

10134] The way of counting the number of dielectric
layers, a 1-th layer being represented by a layer 1__j, forming
the dielectric laminate film 1 1s that thick S10, layers
provided at the two sides are not counted as the number of
layers, and the number of layers 1s counted from the first
layer toward the k-th layer side. For example, the structure
of a SiIN layer/a S10, layer/a SiN layer 1s a three-layered
structure, and a SiN layer/a S10, layer/a SiN layer/a S10,
layer/a SiN layer 1s a five-layered structure. In FIG. 4, a
seven-layered structure 1s shown.

[0135] In addition, the reflection central wavelength A0 of
the infrared light IR of the reflection wavelength region 1s set
to 900 nm, the silicon nitride SiN forming the odd-numbered
layers has a refractive index no. of 2.3, the silicon oxide S10,
forming the 0-th layer, the k-th laver, and the even- numbered
layers has a refractive mndex nf3 of 1.46, and the difference
An 1n refractive index 1s 0.57.

[0136] In addition, in accordance with the above condi-
tional equation (1), the thickness dj (=d1, d3, ... ;jindicates
an odd number) of the silicon nitride SiN 1s set to 111 nm,
and the thickness dj (=d2, d4, . . . ; 1 indicates an even
number) of the silicon oxide S10, 1s set to 154 nm.

10137] FIG. 5 is a graph showing the reflectances R
(reflection spectra) calculated using the effective Fresnel
coellicient method by changing the number of layers, which
are formed of common materials, of the structure shown in
FIG. 4, and by these results, the layer number dependence of
the retlection spectra can be obtained.

[0138] From the results shown in FIG. 5, it is understood
that as the number of layers 1s increased, the reflectance R
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having a peak around 900 nm, which 1s the reflection central
wavelength A0 of the infrared light IR, 1s increased. Fur-
thermore, it 1s understood that when a wavelength of 900 nm
1s selected as the reflection central wavelength A0, the
infrared light IR and the visible light VL are approximately
separated from each other. According to the results shown 1n
FIG. 5, 1t 1s understood that when the number of layers 1s set
to 5 or more, a reflectance R of 0.5 or more can be obtained,
and 1n particular, 1t 1s also understood that when the number
of layers 1s set to 7 or more, the reflectance R can be
preferably increased to more than 0.7.

10139] FIG. 6 is a graph illustrating the thickness depen-
dence of the retlectance R (the change in reflectance caused
by variation in thickness of the dielectric layer 1_j). In this
graph, the results (reflection spectra) are shown obtained by
calculation based on the case in which a seven-layered
structure 1s formed, and in which the thickness of each
dielectric layer 1s changed by +10%.

[0140] The conditional equation (1) 1s an 1deal value
obtained by calculation based on the Fresnel coeflicient
method; however, 1n practice, the condition represented by
the equation (1) 1s mild and has a wide range. For example
it 1s understood by calculation based on the Fresnel coetl-
cient method that even when the thickness dj has an error of
+10%, the reflectance can be eflectively increased.

[0141] As shown in FIG. 6, it is understood that even when
the thickness dj varies, the retlectance R can be effectively
increased. For example, at the reflection central wavelength
A0 of 900 nm of the infrared light IR, a suflicient reflectance
R, such as 0.5 or more, can be obtained, and in the entire
inirared light IR (primarily at a long wavelength side of 780
nm or more), 1t 1s understood that strong reflection occurs.
Hence, 1n consideration of the variation, when the thickness
dj of the dielectric layer 1_j 1s practically set within the
range represented by the following equation (2), the reflec-
tance can be eflectively and sigmificantly increased.

0.9xA0/M4n=di=1.1xA0/4n (2)
[0142] <Method for Designing Reflection Central Wave-
length A0>

10143] FIGS. 7A to 9 are views illustrating the condition
of the reflection central wavelength A0. The numeric con-
dition of the thickness dj depends on a spectral band width
AAIR of an infrared reflection region. As can be seen from
FIG. 7A 1 which the concept of a reflection spectrum 1s
shown, in the case in which the band width AAIR of the
infrared reflection region 1s large, when the central wave-
length A0 1s not set at a long wavelength side, the reflection
of the visible light VL becomes significant. In addition, as
can also be seen from FIG. 7B i which the concept of a
reflection spectrum 1s shown, 1n the case in which the band
width AAIR of the infrared reflection region 1s small, when
the central wavelength A0 1s not set at a short wavelength
side, the reflection 1n an infrared region close to the visible
light VL may not occur. Hence, in consideration of the
phenomena described above, superior wavelength separa-
tion properties for the visible light VL and the infrared light
IR can be obtained.

[0144] From the graph of adsorption spectra of silicon Si
shown 1n FIG. 23, 1t 1s understood that when infrared light
IR 1n the range of 0.78 um to 0.95 um 1n the infrared region
1s reflected, a suflicient infrared-cut effect can be obtained.




US 2007/0051876 Al

The reason for this 1s that most of light at a long wavelength
side of 0.95 um or more 1s not absorbed 1n the silicon S1 and
1s not photoelectrically converted. Hence, as a result, the
reflection central wavelength A0 may be selected so as to
reflect the infrared light IR 1n the range of 0.78 um to 0.95
L.

[0145] In addition, also in the visible light VL region,
since light in the red R region having a wavelength of 640
to 780 nm has a low visibility, regardless whether the above
light 1s reflected or not, it 1s believed that properties of an
imaging device are not adversely influenced. Hence, even
when reflection occurs 1n a wavelength region of 640 to 780
nm, any imconveniences may not occur at all.

[0146] Furthermore, the band width AAIR of the infrared
reflection region 1s increased when the difference An in
refractive index of the dielectric laminate film 1 1s large, and
to the contrary, when the difference An 1n refractive index 1s
small, the band width AAIR 1s decreased. Hence, the band
width AAIR of the infrared reflection region 1s decreased
when the multilayered film 1s made of SiN/S10,, and the

band width AAIR 1s increased when the multilayered film 1s
made of S1/510.,,.

[0147] Accordingly, when the multilayered film is made of
SIN/S10, (difference An in refractive index being 0.57),
from the calculation results based on the reflection central
wavelengths A0 of 780 nm and 950 nm shown in the
reflection spectra 1n FIG. 8, 1t 1s understood that the above
conditions are almost satisfied when the reflection central
wavelength A0 1s set in the range of 780 to 950 nm.
Incidentally, the results shown in FIG. 8 are obtained from
a laminate structure shown in FIG. 13 which will be
described later and are also obtained by calculation by only
changing the film thickness dj of the dielectric layer 1_j so
as to obtain a central wavelength A0 of 780 nm and that of

950 nm.

|0148] In addition, as described above, when the multi-
layered film 1s made of S1/810, (difference An 1n refractive
index being 2.64), and when the central wavelength A0 1s 1n
the range of 900 to 1,100 nm as reflection spectra shown in
FI1G. 9, the above conditions are almost satisfied.

[0149] Accordingly, in combination of silicon oxide Si10,
with silicon nitride S1N and silicon Si1, it may be acceptable
when the reflection central wavelength A0 satisfies the
following equation (3-1). Preferably, the following equation
(3-2) 1s satisfied. These equations mean that the reflection
central wavelength A0 1s 1deally set around 900 nm.

780 nm=A0=1100 nm (3-1)
850 nm=A0=1000 nm (3-2)

[0150] Of course, the materials described above are
merely examples, and the eflect described above 1s not only
limited to the combination between a silicon oxide S10,
layer and a silicon nitride SiN layer. It 1s estimated by
calculation that when materials are selected to obtain a
difference 1n refractive mdex of 0.3 or more and preferably
0.5 or more, an effect similar to that described above can be
obtained.

|0151] For example, the SiN film may have variation in
composition to a certain extent which 1s caused by formation
conditions. In addition, as the dielectric layer 1_j forming
the dielectric laminate film 1, besides silicon oxide S10,, and
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silicon nitride SiN, there may be used oxides such as
alumina Al,O;, zircoma ZrO, (refractive index: 2.05), tita-
nium dioxide Ti0O, (refractive index: 2.3 to 2.55), magne-
sium oxide MgQO, and zinc oxide ZnO (refractive index:
2.1); high molecular weight materials such as polycarbonate
PC (refractive index: 1.58) and an acrylic resin PMMA
(refractive index: 1.49); and semiconductor materials such
as silicon carbide S1C (refractive index: 2.65) and germa-
nium Ge (refractive index: 4 to 5.5).

[0152] When a high molecular weight material is used, the
spectral filter 10 can be formed so as to have properties
which may not be obtained from a glass. That 1s, by using
a plastic, a light-weight spectral filter having superior dura-
bility (high temperature, high humidity, and impact resis-
tance) can be formed.

[0153] <<Spectral Image Sensor Using Dielectric Lami-
nate Film>>

[0154] FIGS. 10 to 14 are views illustrating one embodi-
ment of a spectral 1image sensor 11 suitably applied to the
image sensor 122 using the dielectric laminate film 1. This
spectral 1image sensor 11 1s formed by a basic method for
designing the spectral filter 10 using the dielectric laminate
film 1. In this embodiment, a design example of the spectral
image sensor 11 will be described 1n which the dielectric
laminate film 1 which selectively retflects the infrared light
IR 1s provided on a semiconductor element layer so as to

receive a visible light VL. component while the infrared light
IR 1s cut.

[0155] The basic structure of the spectral image sensor 11
contains a semiconductor element layer and the spectral
filter 10 provided on a light-receiving portion thereof. Only
by this basic structure described above, a spectral image
sensor used for single-wavelength separation (that 1s, for
image-taking of a monochrome 1mage) 1s formed; however,
when predetermined colors (for example, R, G, and B) of
color separation filters are provided at respective light-
receiving portions ol the spectral image sensor 11, a spectral
image sensor used for image-taking of a color image can be
formed.

[0156] When the dielectric laminate film 1 described with
reference to FIGS. 4 to 6 1s formed on a semiconductor
clement layer provided with a detection element such as a
silicon (S1) photodetector and having a refractive index
larger than that of each layer 1_; forming the dielectric
laminate film 1, the distance from the semiconductor ele-
ment layer to the dielectric laminate film 1, that is, the
thickness dk of a silicon oxide S10, layer forming the k-th
layer, that 1s, the dielectric layer 1__ &, 1s important.

[0157] As shown in the structure in FIG. 10, it means that
by an interference eflect with reflected light L4 from the
surface of a silicon substrate 1 _w, that 1s, from the surface
of the semiconductor element layer (such as photodetector)
made of silicon S1 (refractive index: 4.1), the spectrum of a

total reflected light L.Rtotal 1s changed.

[0158] FIG. 11 includes views of reflection spectra for
illustrating the relationship between the total reflected light
[LRtotal and the thickness dk of a silicon oxide S10, layer
forming the dielectric layer 1__4 In this case, the dielectric
laminate film 1 having a seven-layered structure shown 1n
FIG. 4 1s used, and the results are obtained by calculation
while the thickness dk of the dielectric layer 1__k1s changed.



US 2007/0051876 Al

In each view shown 1n FIG. 11, the horizontal axis and the
vertical axis represent the wavelength A (um) and the
reflectance R, respectively.

[0159] As apparent from the views in FIG. 11, when the dk
1s 0.154 um, that 1s, when the thickness satisfies the condi-
tional equation (1) which relates to the reflection central
wavelength A0 of the mifrared light IR, 1t 1s understood that
the reflection spectrum 1s not substantially influenced and
that the infrared light IR (wavelength A: 780 nm or more) 1s
strongly retlected. On the other hand, 1n spectra at a thick-
ness dk in the range of 0.3 to 50 um, 1t 1s understood that
compared to a reflection spectrum obtained when the thick-
ness dk 1s infinite, other oscillations are generated. Hence, it
1s understood that a wavelength region 1s present 1n which
infrared reflection 1s decreased 1n the form of a dip.

[0160] However, since the half width of the dip in the
inirared region 1s 30 nm or less when the thickness dk 1s 2.5
um or more, and in particular, since the half width of the dip
1s decreased to 20 nm or less when the thickness dk 1s 5.0
um or more, the half width 1s sufliciently decreased relative
to general, broad, natural light, and hence an averaged
reflectance 1s obtamned. Furthermore, from the spectra
obtained when the thickness dk 1s 0.3 to 1.0 um, it 1s also
understood that the reflectance 1n the visible light VL region
1s high. As a result, the thickness dk 1s preferably approxi-
mately 0.154 um, that 1s, the value that satisfies the equation
(1) 1s most suitable.

[0161] FIG. 12 includes views of reflection spectra for
illustrating the relationship between the reflectance R and
the thickness dk of a silicon oxide S10, layer forming the
dielectric layer 1__ k& In particular, the results are shown
which are obtained by changing the thickness dk at around
0.154 um. In each view shown 1n FI1G. 12, the horizontal axis
and the vertical axis represent the wavelength A (um) and the
reflectance R, respectively.

[0162] As can be seen from the results, 1t 1s understood
that when the thickness dk 1s 1n the range 01 0.14 to 0.16 um
which 1s centered at 0.154 um at which the conditional
equation (1) 1s satisfied, reflection 1n the visible light VL
region can be suppressed.

[0163] Accordingly, as shown in FIG. 13, the optimum
structure of the spectral 1mage sensor 11 practically has a
dielectric laminate film 1A of an eight-layered structure
including the dielectric layer 1 & which 1s the k-th layer,
and the results of the reflection spectrum obtained by
calculation 1s as shown in FIG. 14. In other words, the
dielectric laminate film 1A has the structure in which a layer
made of silicon oxide S10, used as the second layer material
1s periodically provided four times on a silicon substrate
1_w.

[0164] <Modified Examples of Spectral Filter and Spec-
tral Image Sensor>

[0165] FIGS. 15 to 19 are views showing modified
examples of the spectral filter 10 and the spectral 1image
sensor 11. The above spectral filter 10 has a basic structure
using the dielectric laminate film 1, and 1n addition, various
modifications can be made. In a manner similar to that
described above, the above spectral image sensor 11 has a
basic structure in which the spectral filter 10 using the
dielectric laminate film 1 1s formed on a light-receiving
portion such as a CMOS or a CCD, and various modifica-
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tions can also be made. For example, although details are
omitted, as modified examples of the spectral filter 10 and
the spectral image sensor 11, various structures may be used
which are disclosed in Japanese Patent Application No.
2004-358139 proposed by the inventors of the present
invention.

[0166] For example, as shown in FIG. 15, when the
spectral 1image sensor 11 1s formed in which between the
dielectric layer 1__% and the silicon substrate 1_w, a third
layer 1__ v (such as a silicon mitride SiN layer) having an
intermediate refractive index between the dielectric layer
1_ % and the silicon substrate 1_w 1s additionally provided,
the reflection in the visible light region can also be decreased
(heremafiter referred to as “the first modified example™).

[0167] In addition, as shown in FIG. 16, when the spectral
image sensor 11 1s formed 1n which between the third layer
1_v added in the first modified example and the silicon
substrate 1_m, a fourth layer 1_0 (such as a silicon oxide
510 layer) having a refractive index smaller than that of the
third layer 1_v 1s provided, a dark current can be further
decreased (hereinaiter referred to as “the second modified
example™).

[0168] In addition, as shown in FIG. 17, when the spectral
image sensor 11 1s formed 1n which in the dielectric laminate
film 1, a fifth layer 1_m (such as a silicon S1 layer having a
thickness dn of 61 nm and a refractive index of 4.1 which
1s higher than that of silicon nitride SiN and that of silicon
oxide S10,) 1s additionally provided which has a refractive
index higher than that of the basic first and second layer
materials forming this dielectric laminate film 1, the number
of the dielectric layers, a j-th layer represented by a dielec-
tric layer 1_j, forming the dielectric laminate film 1 can be
decreased (hereinafter referred to as “the third modified
example™).

[0169] In addition, as shown in FIG. 18, in order to
decrease the number of layers as described in the third
modified example, when the spectral image sensor 11 1s
formed 1n which a plurality of fifth layers 1_m1 (such as a
silicon Si1 layer having a thickness dn of 61 nm and a
refractive index of 4.1 which 1s higher than that of silicon
nitride SiN and that of silicon oxide S10,) 1s additionally
provided, each of which has a refractive index higher than
that of the basic first and second layer materials forming this
dielectric laminate film 1, the number of layers can be
further decreased (heremafter referred to as ““the fourth
modified example™).

[0170] The third and fourth modified examples of the
spectral image sensor 11 can also be applied to the spectral
filter 10.

[0171] In addition, as shown in FIG. 19, in the third and
the fourth modified examples, when the first and the second
modified examples are simultaneously applied to the spec-
tral 1mage sensor 11, besides the decrease in number of
layers, the reflection in the visible light region can also be
decreased. In particular, although the reflectance of a blue
color B component (at a wavelength of approximately 420
nm) and that of a green color G component (at a wavelength
of approximately 520 nm) are slightly increased, the retlec-
tance of a red color R component (at a wavelength of
approximately 600 nm) can be sufliciently decreased, and
hence the visible light VL and the infrared light IR can be
appropriately separated.
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[0172] In the above description, the spectral image sensor
11 1s formed of the spectral filter 10 using the dielectric
laminate film 1; however, the image sensor 1s not limited
thereto, and any i1mage sensor may be used as long as a
member having properties, which reflect a predetermined
wavelength region component of an electromagnetic wave
and which transmit the rest thereof, 1s provided at an
incident surface side on which the electromagnetic wave 1s
incident.

[0173] For example, besides the dielectric laminate film 1,
by using a monolayer film having a predetermined thick-
ness, a spectral filter can also be formed. The reason for this
1S that when the thickness of the monolayer film 1s changed,
an eflect can be obtained which reflects a predetermined
wavelength region component of an electromagnetic wave
and transmuits the rest thereof. By this structure, the cost can
be advantageously decreased as compared to that of the
laminate film.

[0174] 'The above monolayer film is not only applied to the
spectral 1mage sensor 11 but can also be applied to the
wavelength separation optical system 104, and the mirror
105 using a monolayer film having a predetermined thick-
ness can be applied to the wavelength separation optical
system 104.

Second Embodiment

[0175] FIGS. 20A and 20B are schematic views showing
the structure of an 1mager of a second embodiment accord-
ing to the present mvention. The imager 100 of the second
embodiment 1s the same as that of the first embodiment 1n
which the visible color image and the near-infrared image
are independently obtained; however, as shown 1n FIG. 20A,
in the imager of this embodiment, the inirared image-taking
portion 110 includes the image sensor 112 optimized to
detect the infrared light IR. The imaging signal processing
portion 130 separates the visible light VL. component and the
inirared light IR component by calculation processing using
a signal obtained from the infrared image-taking portion 110

and a signal obtained from the visible image-taking portion
120.

[0176] At the visible image-taking portion 120 side, the
image sensor 122 may not be always necessary to be
equivalent to the spectral image sensor 11 which 1s formed
so as not to detect the infrared light IR. As shown in the
figure, the 1mage sensor 122 may detect the infrared light IR
component besides the visible light VL component. Of
course, 1t 1s more preferable when the 1image sensor 122 be

equivalent to the spectral image sensor 11 which 1s formed
so as not to detect the infrared light IR.

[0177] In particular, in the second embodiment, as shown
in the structure of one pixel 1n FIG. 20B, as the measures 1n
the case 1n which the visible light VL component leaks to the
infrared light IR detection side, an image senor 112_IR+VL
1s used for the infrared image-taking portion 110, the image
sensor 112_IR+VL being optimized to detect the infrared
light IR and having the structure 1n which a visible image
and an inirared 1mage are separately obtained by using the
difference 1n position of light absorption in the depth direc-
tion of a semiconductor between wavelengths. That 1s, by
using the difference in position of light absorption in the
depth direction of a semiconductor between wavelengths,
the 1mage sensor 112_IR+VL 1s used which can detect a
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wavelength component (the mifrared light IR component in
this case) to be detected while influence of a wavelength
component (the visible light VL. component in this case)
other than that to be detected 1s suppressed.

[0178] Accordingly, while not being substantially influ-
enced by the wvisible light VL, the infrared image can be
independently obtained. In addition, as an additional eflect,
a visible 1image can be obtained in a shallow region below
the surface of the semiconductor, and when components of
this visible 1mage are synthesized with the visible 1mage
obtained by the image sensor 122 of the visible image-taking
portion 120, the sensitivity can be improved.

[0179] For example, when the infrared light IR is sepa-
rated by reflection 1 the wavelength separation optical
system 104 to the infrared image-taking portion 110 side, a
light component thus separated to the infrared light side
depends on the separation capability of the wavelength
separation optical system 104, and although the light com-
ponent 1s primarily composed of the infrared light IR,
several percent of the visible light VL 1s still contained.

|0180] Hence, in the second embodiment, the image sen-
sor 112_IR+VL 1s used which has the structure using the
difference 1n position of light absorption in the depth direc-
tion ol a semiconductor substrate between wavelengths. As
one example, electrons photoelectrically converted by the
visible light VL having a wavelength of less than 780 nm are
absorbed 1n a silicon Si substrate at a relatively small
distance, such as approximately 5 um, 1n the depth direction
from the surface thereof. The remaining light component,
that 1s, electrons photoelectrically converted by the mirared
light IR having a wavelength of 780 nm or more are
absorbed 1n a region deeper than 5 um. At the boundary
between the detection regions for the above two types of
clectrons, an electrical non-connection region 1s provided.
When the structure 1s formed in which a signal obtained 1n
the region deeper than 5 um 1s detected, an electrical signal
only made of the infrared light IR component can be
obtained.

[0181] That is, when signal components of the visible light
VL (such as a wavelength of less than 780 nm) which are
photoelectrically converted in the shallow region are
excluded, and when the component of the infrared light IR
(such as a wavelength of 780 nm or more) which 1s photo-
clectrically converted 1n the deep region of the semiconduc-
tor layer 1s only used, electrical signal only made of the
incident infrared light IR component 1s obtained. Hence, 1n
the infrared 1mage-taking portion 110, the mirared image
can be obtained which 1s not substantlally influenced by the

visible light VL.

[0182] Accordingly, only photoelectrons of the incident
visible light VL. component are converted ito a visible
imaging signal SV_IR so that a visible image 1s obtained
which 1s not substantially intfluenced by the infrared light IR,
and 1n addition, only photoelectrons of the incident infrared
light IR component are converted nto an inirared imaging
signal SIR, so that the infrared image can be independently
and simultaneously obtained which i1s not substantially
influenced by the visible light VL.

[0183] Of course, when the structure is formed so that a
signal obtained 1n a region located at a relatively small
distance, such as approximately 5 um, from the surface of



US 2007/0051876 Al

the substrate 1s detected, an electrical signal of a visible light
VL component can also be obtained by the image sensor
112. Incidentally, as 1s the case of the related techmque
described above, when passing through the region 1n which
the visible light VL 1s detected, the infrared light IR 1s
absorbed to a certain extent, and an infrared light IR
component thus absorbed 1s mistakenly detected as the
visible light VL; hence, as a result, the visible light VL 1s
influenced by the infrared light IR component.

[0184] Hence, in the infrared image-taking portion 110,
signal components GV _IR of the visible light VL (such as a
wavelength of less than 780 nm) which are photoelectrically
converted 1in the shallow region below the surface of the
semiconductor layer and a signal component GIR of the
inirared light IR (such as a wavelength of 780 nm or more)
which 1s photoelectrically converted 1n the deep region of
the semiconductor layer can also be separated and detected.
Accordingly, the image sensor 112_IR+VL for the mirared

light IR can also be practically used as an 1mage sensor used
for both the infrared light IR and visible light VL.

[0185] In this embodiment, the leak of the visible light VL
component to the infrared image-taking portion 110 indi-
cates that the visible light VL. component at the wvisible
image-taking portion 120 side 1s decreased thereby, and that
as the visible imaging signal SV obtained in the image
sensor 122, light-receiving sensitivity of the visible image 1s
decreased.

[0186] Hence, when the visible imaging signal SV_IR
obtained by the image sensor 112_IR+VL at the infrared
image-taking portion 110 side and the visible imaging signal
SV obtained by the image sensor 122 are synthesized 1n the
imaging signal processing portion 130, the decrease caused
by the leak to the infrared 1image-taking portion 110 side can
be corrected, and hence the sensitivity of the visible image
can be improved.

[0187] In addition, even when the image sensor 112_IR+
VL 1s used having the structure in which the difference in
position of light absorption in the depth direction of a
semiconductor between wavelengths 1s used, a wavelength
of the infrared light IR and a wavelength of the red color
component of the wvisible light VL, which are detected
around the boundary therebetween, are influenced with each
other to a certain extent through the absorption.

[0188] Hence, in the imaging signal processing portion
130, when the infrared imaging signal SIR obtained by the
image sensor 112_IR+VL 1s corrected (for example, by
difference processing) using the visible i1maging signal
SV_IR obtained by the image sensor 112_IR+VL at the
inirared image-taking portion 110 side, the influence of the
red color component 1 the visible light VL can also be
suppressed.

Third Embodiment

[0189] FIGS. 21A, 21B and 21C are schematic views
showing the structure of an 1imager of the third embodiment
according to the present mvention. The imager 100 of the
third embodiment 1s the same as that of the first and the
second embodiments 1n which the visible color image and
the near-infrared 1mage are independently obtained; how-
ever, as shown 1n FIG. 21 A, 1n the imager of this embodi-
ment, the infrared image-taking portion 110 1s provided with
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the 1mage sensor 112 optimized to detect the infrared light
IR, and the visible image-taking portion 120 1s also provided
with the image sensor 122 optimized to detect the visible
light VL. That 1s, the structure of this embodiment 1s formed
in combination of the first embodiment and the second
embodiment. The 1maging signal processing portion 130
separates the visible light VL. component and the infrared
light IR component by calculation processing using a signal
obtained from the infrared image-taking portion 110 and a
signal obtained from the visible image-taking portion 120.

[0190] In the third embodiment, as shown by the structure
of one pixel 1n FIG. 21B, as the measures in the case 1n
which the visible light VL. component leaks to the mirared
light IR detection side, 1n a manner similar to that of the
second embodiment, the image senor 112_IR+VL 1s used for
the infrared image-taking portion 110, the 1mage sensor
being optimized to detect the infrared light IR and having the
structure 1n which a visible image and an infrared 1image are
separately obtained by using the difference in position of
light absorption in the depth direction of a semiconductor
between wavelengths.

[0191] In addition, unlike the case of the first embodiment,
as the measures 1n the case in which an infrared light IR
component leaks to the visible light VL detection side, an
image senor 122 VL+IR 1s used at the visible image-taking
portion 120 side, the 1image sensor being optimized to detect
the visible light VL. and having the structure in which a
visible image and an infrared 1mage are separately obtained
by using the difference 1n position of light absorption 1n the
depth direction of a semiconductor between wavelengths.
That 1s, by using the difference 1n position of light absorp-
tion 1n the depth direction of a semiconductor between
wavelengths, the image sensor 112_VL+IR 1s used which
can detect a wavelength component (the visible light VL
component 1n this case) which 1s to be detected while
influence of a wavelength component (the infrared light IR
component in this case) other than that to be detected 1s
suppressed.

10192] In particular, as shown by the structure of one pixel
in FIG. 21C, an image sensor having the same structure as
that shown in FIG. 21B 1s used, and on the light-receiving
surface thereot, predetermined colors (such as 124R, 124G,
and 124B) of color separation filers 124 are provided for
respective light-receiving portions (pixels), so that image-
taking of a color image can be performed.

10193] By the structure as described above, at the visible
image-taking portion 120 side, when a signal component of
the infrared light IR (such as a wavelength of 780 nm or
more) which 1s photoelectrically converted in a deep region
of the semiconductor layer i1s excluded, and when compo-
nents of the visible light VL (such as a wavelength of less
than 780 nm) which are photoelectrically converted 1n a
shallow region below the surface of the semiconductor layer
are only used, electrical signals only made of the incident
visible light VL component are obtained for the respective
colors. Hence, 1n the visible image-taking portion 120, the

visible 1mage can be obtained which i1s not substantially
influenced by the infrared light IR.

10194] Accordingly, only photoelectrons of the incident
visible light VL. component are converted into the visible
imaging signal SV_IR so as to obtain a visible image which
1s not substantially influenced by the infrared light IR, and
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in addition, only photoelectrons of the incident infrared light
IR component are converted into the infrared imaging signal
SIR, so that the infrared image which i1s not substantially
influenced by the visible light VL can be simultaneously and
independently obtained.

[0195] In addition, in the wvisible image-taking portion
120, a signal component GIR of the infrared light IR (such
as a wavelength of 780 nm or more) which 1s photoelectri-
cally converted in the deep region of the semiconductor
layer and signal components GV _IR for respective colors of
the visible light VL (such as a wavelength of less than 780
nm) which are photoelectrically converted in the shallow
region below the surface of the semiconductor layer can be
separated and detected. Accordingly, the image sensor
122 _VL+IR for the visible light VL can also be practically
used as an 1mage sensor used for both the infrared light IR
and visible light VL.

[0196] In this embodiment, the leak of the infrared light IR
component to the visible image-taking portion 120 indicates
that the infrared light IR component at the infrared 1mage-
taking portion 110 side 1s decreased thereby, and that as the
inirared 1maging signal SIR obtained in the image sensor
112, light-receiving sensitivity of the infrared image 1s
decreased.

10197] Hence, when the infrared imaging signal SIR
obtained by the image sensor 112_IR+VL at the infrared
image-taking portion 110 side and an infrared 1maging
signal SIR_VL obtained by the image sensor 122_VL+IR
are synthesized in the imaging signal processing portion
130, the decrease caused by the leak to the visible 1image-
taking portion 120 side can be corrected, and hence the
sensitivity of the infrared image can be improved.

[0198] In addition, even when the image sensor 112_VL+
IR 1s used having the structure in which the difference 1n
position of light absorption in the depth direction of a
semiconductor between wavelengths 1s used, a wavelength
of the infrared light IR and a wavelength of the red color
component of the wvisible light VL, which are detected
around the boundary therebetween, are influenced with each
other to a certain extent through the absorption.

[0199] Hence, in the imaging signal processing portion
130, when the visible imaging signal SV (particularly the red
color component) obtained by the 1image sensor 122_VL+IR
1s corrected (for example, by difference processing) using
the infrared 1imaging signal SIR_VL obtained by the image
sensor 122_VL+IR at the visible image-taking portion 120
side, the influence of the infrared light IR component can be
suppressed.

0200] <Signal Reading Method>

0201] FIGS. 22A and 22B are views showing an example

of a signal reading method using the image sensors 112_IR+
VL and 122 VL+IR used in the second and the third
embodiment, each 1mage sensor having the structure in
which the visible 1image and the inifrared 1mage are sepa-
rately obtained using the difference 1n position of light
absorption in the depth direction of a semiconductor
between wavelengths. FIG. 22A shows a circuit diagram,
and FIG. 22B shows a signal timing diagram.

10202] For photoelectric transducers 732W (in mono-
chrome 1imaging; 1n color imaging, for respective colors, R,
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G, and B, hereinatter, the same description will be omitted)
and 732IR, transier gates 734W (or R, G, and B) and 734IR
for respective wavelengths are provided, respectively. The
photoelectric transducers 732W (or R, G, and B) and 732IR
are connected to an amplifier 705 1n a pixel through the
respective transier gates 734W (or R, G, and B) and 734IR,
the amplifier 7035 including an amplifier transistor 740 and a
reset transistor 736. The amplifier transistor 740 1s con-
nected to a vertical signal line 751 via a vertical selection
transistor 742.

[0203] In accordance with respective timing diagrams
shown 1n FIG. 22B which indicates the reset state and the
signal reading state, a pixel signal 1s output. In the state 1n
which a selection pulse SEL 1s being supplied to the vertical
selection transistor 742 1n a vertical line which 1s to be read,
before reading pulses TW (or R, G, and B) and TIR are
supplied to the transfer gates 734W (or R, G, and B) and
7341R, respectively, for reading respective signal charges, a
reset pulse RST 1s supplied to the reset transistor 736, so that
a floating diffusion 738 is reset. By the above steps, 1n the
order (or may be opposite to that) from the infrared light IR
component to the visible light VL component (entire visible
light component or respective color components), pixel
signals can be independently read.

10204] Although the embodiments of the present invention
have thus been described, the technical scope of the present
invention 1s not limited thereto. Without departing from the
spirit and the scope of the present immvention, the embodi-
ments described above may be variously modified or
improved, and embodiments thus modified or improved are
also included 1n the technical scope of the present invention.

[0205] In addition, the aspects of the present invention are
not limited to the embodiments described above, and it 1s not
necessary that all the combinations of the characteristics
described in the above embodiments be included i the
solving means described in the specification. The above
embodiments include the aspects of the present invention on
various stages, and when the disclosed constituent elements
are appropriately used 1n combination, various aspects of the
present mvention can be extracted. Even when some con-
stituent elements of all the constituent elements described 1n
the embodiments are deleted, as long as the above eflect can
be obtained, the structure formed without using the above
some constituent elements can also be extracted as one
aspect of the present invention.

[0206] For example, the above-described techniques are
not limited to a technique 1n which visible light and infrared
light are separated and in which a visible 1image and an
infrared 1mage are separately obtaimned by independently
detecting the above separated light components. For
example, visible light and ultraviolet light can be separated
and can be detected, and ultraviolet light can be simulta-
neously detected together with visible light and can be
formed into an 1mage. In addition, as for the visible light
which 1s simultaneously detected, 1n addition to detection of
a monochrome 1mage without performing wavelength sepa-
ration, when the wvisible light region 1s separated, for
example, 1nto three primary color components using respec-
tive color filters as described above, a color image can also
be detected.

[0207] Hence, in addition to a visible image (a mono-
chrome 1mage or a color image) which can be seen by naked
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eyes, ultraviolet 1mage information which i1s not seen by
naked eyes can also be obtained. Accordingly, the above
device will be widely used as a key device, such as an
optical-synthesis monitoring camera, for a new mnformation
system.

[0208] For example, according to the above embodiments,
in wavelength separation using the wavelength separation
optical system 104, the infrared light IR 1s a reflection
wavelength region component, and the wvisible light VL
having a wavelength shorter than that of the infrared light IR
1s a transmission wavelength region component. However,
by the wavelength separation optical system 104 using the
dielectric laminate film 1 in which the visible light VL 1s
handled as a reflection wavelength region component and
light (such as ultraviolet light) having a wavelength shorter
than the wvisible light VL 1s handled as a transmission
wavelength region component, the visible light VL and the
light (such as ultraviolet light) having a wavelength shorter
than that of the visible light VL can be separated and
detected.

[10209] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors msofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:
1. An 1mager comprising:

a separation portion which separates an electromagnetic
wave carrying an image into wavelength components;
and

image-taking portions detecting images of the wavelength
components,

wherein at least one of the image-taking portions has a
detecting part optimized to detect a wavelength com-
ponent which 1s to be detected.

2. The imager according to claim 1,

wherein the separation portion comprises:

a predetermined substrate having optical transparency to
the electromagnetic wave; and

one of a laminate member and a monolayer film, which 1s
provided on the substrate, the laminate member being
composed of layers which are laminated to each other
and which have predetermined thicknesses, and

wherein adjacent layers of the laminate member have
different refractive indexes, whereby the separation
portion reflects one wavelength of the electromagnetic
wave and transmits another wavelength thereof.

3. The imager according to claim 1,

wherein the detecting part comprises one of a laminate
member and a monolayer film, which 1s provided at an
incident surface side on which the electromagnetic
wave 1s incident, the laminate member being composed
of layers which are laminated to each other and which
have predetermined thicknesses, and
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wherein adjacent layers of the laminate member have
different refractive indexes, whereby the detecting part
reflects one wavelength of the electromagnetic wave
and to transmit another wavelength thereof.

4. The imager according to claim 3,

wherein the detecting part comprises a semiconductor and
performs wavelength separation using the difference in
position of light absorption 1n the depth direction of the
semiconductor between wavelengths, whereby the
detecting part detects said wavelength component
which 1s to be detected while mfluence of a wavelength
component other than said wavelength component
which 1s to be detected 1s suppressed.

5. The imager according to claim 4,

wherein the detecting part using the diflerence 1n position
of light absorption 1n the depth direction of the semi-
conductor between wavelengths detects said wave-
length component which 1s to be detected in one region
in the depth direction of the semiconductor and also
detects the wavelength component other than said
wavelength component which 1s to be detected 1n
another region 1n the depth direction of the semicon-
ductor,

turther comprising a signal processing portion which
corrects a detection result of another wavelength com-
ponent detected by another detecting part, said another
wavelength component being to be detected by said
another detecting part, by the detection result of the
wavelength component other than said wavelength
component which 1s to be detected by the detecting
part.

6. The imager according to claim 4,

wherein the detecting part using the diflerence 1n position
of light absorption 1n the depth direction of the semi-
conductor between wavelengths detects said wave-
length component which 1s to be detected in one region
in the depth direction of the semiconductor and also
detects the wavelength component other than said
wavelength component which 1s to be detected n
another region 1n the depth direction of the semicon-
ductor,

turther comprising a signal processing portion which
corrects the detection result of said wavelength com-
ponent detected 1n said one region in the depth direc-
tion of the semiconductor by the detection result of the
wavelength component detected 1n said another region
in the depth direction of the semiconductor.

7. An 1maging device comprising;:

a spectroscopic portion which separates incident light into
transmitted light and reflected light depending on 1fre-
quency of the mcident light; and

an 1maging area receiving the transmitted light,

wherein said spectroscopic portion includes a multilayer
structure having refraction index distribution.
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